The present study addresses phenology of forest vegetation based on satellite data, by analyzing the relationship between the long-term (2003-2016) series of NDVI of coniferous and deciduous tree stands and climate in the Krasnoyarskii Krai (Russia
Introduction
Forests of Russia are of great economic and environmental significance. They provide valuable resources, store a considerable portion of global carbon, supply oxygen to the urban population, and perform very many other biospheric functions.
The state and phenology of the forests should be regularly monitored, as they are changing continuously due to influences of natural and human-induced factors such as fires, tree felling, and industrial pollution. The scales of these events vary considerably between regions [1] .
Effective management of plant resources is impossible without knowing to what extent external factors, mainly climate and human activities, influence historical dynamics of vegetation [2] . Plant canopy, which is the most dynamic component, is very sensitive to modern changes in global climate.
Rising winter and spring temperatures and the positive trend in plant growth conditions have been found to correlate closely both globally [3] and regionally [4] over the twenty-year period.
The second most important factor determining interannual variations in plant growth conditions in arid regions is precipitation [5] . A strong correlation exists between interannual variations in precipitation and the extent to which it influences plant canopy dynamics.
Phenology studies periodic animal and plant life cycle events, when they occur, and what influences the time at which they happen [6] . The time at which phenological events occur in living nature is of great importance not only for scientific research but also for practical purposes. The concurrence of phenological events in the lives of animals and plants is often an essential factor that enables their normal interactions (trophic relationships, competition, etc.) in the ecosystem.
It is well-known that forests consisting of different tree species may show different dynamics of phenological development [7] . Classification of forests consisting of several tree species, which differ in their phenological dynamics, can be done by using satellite images taken in different periods of the yearly plant life cycle. Satellite images taken both at different years and at different phenological stages have greater informational value [8] . These data are indispensable for monitoring the functions of forest ecosystems and revealing their critical states. This approach is effective when series of images of the study area are taken during the whole plant growing period and during certain phenological stages. A surge of interest in plant phenology of the last decade was triggered by research on global warming [9] .
Analysis of long-term trends in periodic events in the plant and animal kingdoms can serve as both a good bioindicator of climate change and as a quantitative parameter of the effect of warming on Biosystems. Due to warming and rising spring temperatures, critical temperatures or total accumulated temperatures necessary for plants to start to grow are reached at earlier dates. In recent years, these assumptions have been verified in various geographical zones and for different plants [10] .
The displacement of the dates of phenological stages is primarily associated with the temperature of the previous months. Analysis of observational series of 542 plant species in 21 European countries showed that the dates of phenological stages were significantly determined by the temperature of the preceding months [11] .
Recent years have seen considerable interest in long-term observational series of phenological data as a source of information on the interannual variations in the state of populations and a basis for establishing a relationship between phenological properties and climate factors [12] . The availability of the time series of continuous satellite observational data with sufficiently high temporal resolution is a necessary condition for determining phenological properties of the plant canopy (dates of the onset of various phenological stages, length of the growing period, etc.) [13] .
The most widely used index is NDVI (Normalized Difference Vegetation Index) -a simple indicator of the quantity of photosynthetically active biomass [14] . Indices of this group quantify the total vegetation, and they are used to estimate its state for solving a wide range of issues. They summarize and demonstrate the effects of such factors as chlorophyll content, leaf surface area, and density and structure of plant canopy. For vegetation, NDVI will tend to positive values, which grow with the increase in the green phytomass. 
Materials and Methods

Study Area
The study sites were forested areas in Russia (the Stolby Nature Reserve, the Krasnoyarskii Krai).
The Stolby Nature Reserve is situated on the north-west slopes of the Eastern Sayan Mountains.
The forest sites investigated in this study comprised the following major tree species: deciduous trees -silver birch (Betula pendula), aspen (Populus tremula), and conifers -Scots pine (Pinus silvestris), Siberian fir (Abies sibirica) and Siberian pine (Pinus sibirica). To analyze phenological events, we constructed a long-term (2003-2016) series of the average daily accumulated air temperature (above + 5 °С) from January through May, based on the database of the "Opytnoye Polye" weather station at Krasnoyarsk.
Results and Discussion
Analysis of the long-term spring series of the average NDVI values of deciduous and coniferous vegetation was performed for periods of between May 1 and 16 and between May 17 and June 1, respectively. These time periods were selected on the basis of ground-based studies. Different trends were revealed for deciduous and coniferous plants (Fig. 1) . For deciduous trees, the trend was positive, while for conifers, it was negative. The positive trend for the spring average NDVI values for deciduous stands correlates with the positive trend in the interannual variation in the accumulated air temperature (above + 5 °С) from January through May (Fig. 2) . The growing period for deciduous trees begins when they leaf out, and emergence of the new leaves on the winter leafless trees can be effectively estimated using NDVI. Thus, this index can be used to estimate when the growing season begins for deciduous trees. Therefore, for deciduous trees (Silver birch, aspen), analysis showed a tendency of an earlier onset of seasonal growth. (Fig. 1b) . For coniferous trees we revealed a negative spring trend of the average NDVI (Fig. 1b) . (Fig. 3) . Thus, for coniferous trees (Scots pine, Siberian pine, fir), analysis showed a general tendency of an earlier beginning of the growing season, too.
Conclusions
Recently, remote sensing of the Earth has been increasingly used to study response of vegetation to large-scale climate change. In such studies, satellite images are used to analyze changes in different vegetation indices [16] .
Plant phenology influences various processes such as carbon cycling and nutrient cycles. 
